An important problem in the diagnosis, treatment and prediction of papillary thyroid cancer is radioiodine-resistant metastases, early prediction of which is possible on
Introduction
As a result of the accident at the Chernobyl Nuclear Power Plant, there was a sharp increase in the incidence of thyroid gland (TG) cancer. The highest increase in the level of thyroid cancer was observed among subjects whose age at the time of the accident was 18 years and younger. So, four years after the Chernobyl disaster, the incidence of thyroid cancer in children increased by 4.8 times, and in subsequent years exceeded the accident rate by 10 times [3, 9, 23] . However, in contrast to carcinoma of other localizations, differentiated thyroid cancer in most cases has a favorable prognosis: the survival 5-year rate of patients with thyroid cancer is about 98%, and [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] years of survival exceeds 90% [10, 14, 15] . The key to successful treatment of differentiated thyroid cancer and its metastases is the use of radioiodine therapy, a specific highly effective, targeted method of treating this disease. Radioiodine therapy is based on the unique features of the physiology of thyroid cells that are able to accumulate radioiodine and use it in the synthesis of thyroid hormones. But, unfortunately, in some cases (4-20%) , in patients with differentiated thyroid carcinoma, on the background of thyroidectomy and radioiodine therapy, metastases whose cells lose the ability to accumulate radioiodine develop appear: this tumor is called metastatic radioiodine-refractory disease [11, 12, 13] . It is these metastases that cannot be treated with radioiodine therapy and can be uncontrolled to spread in the patient's body and even be the cause of his death [5, 6, 7] . Therefore, it is important to study the immunocytochemical, genetic and morphological features of such metastases. There are some ideas about the histological manifestations of radioiodine resistance [8, 21, 25] . The most aggressive types of thyroid papillary carcinoma (PC) researchers consider high-cellular, columnar-cellular, diffuse-sclerosing, solid and widely invasive follicular variants [19] . According to the literature, some pathomorphological features of primary TG carcinoma correlate with the effectiveness of radioiodine therapy. The loss of sensitivity of the tumor to the radioiodine is thought to result in a reduction in the differentiation of its cells. The manifestation of this phenomenon is the appearance of elements of low degree of differentiation in metastatic tumors of such patients. Such attributes include such pathomorphological characteristics as solid tumor structure, cell oxyphilia, necrotic changes, high numbers of mitoses [20] . Despite the existing literature data on the histological characteristics of thyroid carcinoma with aggressive behavior, there was no clear correlation between histologic peculiarities and thyroid radioiodine resistance.
The earliest possible prediction of radioiodine resistance of papillary thyroid carcinoma is possible on the basis of the determination of the cytological characteristics of the cells of the radioiodine resistant metastases (RIRM). However, no literature data on similar cytological studies have not been found. Therefore, the purpose of this work was to study the histological and cytological characteristics of metastases of papillary carcinoma of the thyroid gland (PC TG), correlated with their iodine-accumulation ability, on the basis of which it will be possible to predict the radioiodine resistance of PC TG.
Materials and methods
In this work, the material obtained as a result of performing fine-needle aspiration puncture biopsy in male and female patients from the age of 17 to 40 years old who were examined surgical treatment and radioiodine therapy in the clinic of our institute were used. The specified protocol used to treat patients with thyroid cancer consists of radical thyroidectomy and lymphadenectomy, postoperative radioiodine therapy in 4-6 weeks and the appointment of suppressive hormone therapy with L-thyroxine (2.5 μg/kg). Conducting of scintigraphic and sonographic research allowed to detect in the postoperative period radioiodineresistant metastases of PC TG and metastases capable of accumulation of radioiodine. In all cases, the diagnosis was confirmed cytologically and histologically (except for radioiodine-sensitive metastases, which were successfully treated with radioiodine and in most cases, they were not surgically removed).
According to the decision of the Bioethics Commission, SI "V.P. Komisarenko Institute of Endocrinology and Metabolism of NAMS of Ukraine" (No. 28/1-KE of April 12, 2019) found that the study followed ethical and moral requirements, was safe for the patient's health and did not deny the basic bioethical norms of the Helsinki Declaration, the Council of the Convention Europe on human rights and biomedicine, as well as relevant provisions of the WHO and the laws of Ukraine.
Cytological studies were performed on punctures of 30 PC TG detected prior to thyroidectomy and at punctures 45 metastases of PC TG, which arose in the postoperative period following total thyroidectomy and radioiodine therapy. The punctures were fixed with methanol for 5 minutes and stained using the Romanowsky method for 30 minutes. A solution for staining was prepared from a Romanowsky concentrate produced by the Shostka Chemical Reagent Plant consisting of: 20 ml phosphate buffer 0.07 M (pH = 6.4), 1,5 ml of Romanowsky stain.
The analysis of pathological findings of 47 primary PC of patients with RIRM, their RIRM, 17 patients with radioiodine susceptible metastases (RISM) and 100 PC of the general population were carried out. In the group of patients with RIRM, three of them had a diagnosis of "diffuse sclerosing variant of PC TG", 31 with primary thyroid PC (PPC) (66%) had invasive growth in the capsule and beyond, metastases to regional lymph nodes. The histological study was carried out in the laboratory of pathomorphology of the SI "Department of Endocrinology and Metabolism" (head of the department -MD, Prof. Bogdanova T.I.).
The statistical processing of the data was done according to a non-parametric criterion χ 2 , which allows comparing the frequency of occurrence of the qualitative characteristics studied in two samples. The calculations are made in the Statistica package 11. If the sign occurs in any of the comparison groups in less than 10 cases, the Yates correction for continuity was used.
Results
A comparative study was performed on the presence of certain histological characteristics in the pathomorphological findings of the following tumor groups -PPC of patients who developed with time RIRM, the PPC of patients with RISM, the general population of thyroid PC and the RIRM group. The presence of such histological signs, which according to the literature was related to the aggressive behavior of PC-follicular structures (FS), necrotic changes (NC) and oxyphilic-cellular changes (OC), was analyzed.
The presence of FS was noted in the histological conclusions of the PPC TG in 20% of patients, in which developed RIRM. At the same time, RIRM of these patients had a papillary or papillary-solid structure, and FS were found in only 1 case (2%). In this case, in the general population of PC TG, FS were found in 60% of cases (30 times more often than in the group RIRM and 3 times more often than in PPC patients with such metastases). In this case, in the PPC group with RISM, FS were found in 70% of cases. According to the non-parametric criterion χ 2 , a statistically significant difference at the significance level p<0.05 was confirmed by the presence of a morphological sign -FS between the PPC group of patients with RIRM and PPC in the group of patients with RISM (p = 0.002), between the PPC group of patients with RIRM and the general population PC TG (p = 0.000), and between the PPC of patients with RIRM and the RIRM group (p = 0.010, with the Yates correction for continuity). Thus, the statistically significant difference between the PPC with RIRM and the PPC with RISM and the general group of PC demonstrates that the absence of FS is associated with the development of RIRM and may be a worrying prognostic factor in the development of radioiodine resistance of PC TG.
In the analysis of the presence of the following histological sign, the OC in the pathologist's conclusions, it was found that the frequency of its intolerance in the PPC patients with RIRM (30%) was slightly higher than in the overall population of PC TG (16%), slightly higher such as in the PPC TG of patients with RISM (23%) and RIRM group (21%). There was no statistically significant difference in the incidence of OC between the PPC patients with RIRM and PPC in patients with RISM (p = 0.859 with Yeats correction), and in the PPC patients with RIRM and the general population of PC (p = 0.053). That is, there was no correlation between the presence of this histological sign and the radioiodine resistance of the tumors under investigation.
Although the presence of histological signs of necrotic changes (NC) of the tumor is associated with the "adverse behavior" of thyroid tumors, the literature does not give a clear idea of its correlation with the ability of thyroid carcinoma precisely to accumulate radioiodine. Therefore, we conducted a comparative analysis of the incidence of NC in all of the above groups of tumors.
As a result of the performed research, it was found that the incidence of NC in the control group of patients with RIRM was higher (2%) than in the general population of PC (1%). In this case, NC did not register in the PPC patients with RISM, and in the group RIRM NC were also noted in 2 cases. The statistical analysis carried out did not reveal a significant difference in the frequency of NC exposure between the PPC patients with RIRM and the PPC with RISM (p = 0.593 with Yeats correction), and between the PPC with RIRM and the general population of PC (p = 0.831). The results of the research are shown in the table (Table 1) .
Thus, the statistical analysis of the research has shown that the factor of absence of FS in the primary PC can be an alarming histological prognostic factor for the appearance of RIRM PC TG. At the same time, the presence of NC and OC in the primary tumor is not associated with the growth of radioiodine resistance.
Since there was no literature data on cytological research of RIRM PC TG, we have conducted comparative studies of cytological characteristics of the thyroid cells population in punctates of RIRM, RISM and the corresponding PPC TG. The performed studies showed that in the punctures of RIRM in 2 times more frequent than in their PPC there are different subpopulations of thyroid cells (which are cytologically different from the general population of thyroid cells), OC are more common, and in 10% -there are specific cellular structures that consist of a psammoma bodies surrounded by a layer of macrophages and vacuolated epithelial cells (Fig. 1) .
At the same time, in all cases, the cytological characteristics of RISM are not different from their PPC, their cytograms are represented by regular epithelial layers, which S i g n P P C p a t i e n t s w i t h R I R M R I R M T o t a l p o p u l a t i o n P C P P C p a t i e n t s w i t h R I S M F S 2 0 % * 2 % 6 0 % 7 0 % N C 2 % 2 % 1 % 0 % O C 3 0 % 2 1 % 1 6 % 2 3 % Table 1 . Frequency of occurrence of the following histological signs -FS, NC and OC in primary thyroid PC of patients with RIRM and RISM, the general population of the PC and RIRM.
Notes: * р<0.05 in comparison with the general population of the PC, the PPC patients with RISM by the criterion χ 2 . (Fig. 2, Table 2 ). Another interesting observation concerns the follicular structures (FS), the presence of which is considered a prerequisite for the accumulation of radioiodine. In spite of the fact that in the histological material of RIRM FS were noted only in the first case, we observed FS with colloid within 14% of RIRM punctures, which gives grounds to consider the absence of follicles as a pathomorphological, rather than cytological, manifestation of radioiodine resistance of PC TG (Fig. 3) .
Discussion
Radioiodine resistance of PC TG is the biggest problem in the diagnosis and treatment of differentiated thyroid cancer. Since RIRM cannot be detected with a conventional scintigraphic study, it is important to be warned about the possible development of radioiodine resistance of papillary thyroid cancer, which gives the chance to timely use of additional research methods and treatments like carcinoma. Early prediction of the radioiodine resistance of PC TG is possible in the presence of histological and cytological features of such metastases. There are literary data [24] regarding some histological manifestations of aggressive behavior and radioiodine resistance of TG carcinoma, but there are no data on cytological studies of RIRM PC TG.
Complex researches and analysis of cytological and histological characteristics of PPC and their metastases, depending on their iodine accumulation ability, have allowed to reveal morphological peculiarities of metastases associated with radioiodine resistance of PC TG. It is shown that among the studied histological characteristics of tumors, only the absence of FS in the histological material of the PPC is associated with the development of their radioiodine resistance. The fact of loss of FS in the development of RIRM PC TG can be regarded as a manifestation of a reduction in the degree of differentiation resulting in the progression of the tumor. Such data are confirmed in the literature and indicate that TG carcinomas that lose FS, lose the ability to effectively concentrate and store iodine for a long time (for example, solid state metastases) [2] . The absence of FS in the histological material of the PPC can be considered as an alarming factor in predicting their radioiodine resistance. An interesting phenomenon of the absence of FS in the histological material of RIRM (except for 1 case), when they are registered in 14% of punctures of RIRM can be explained by the fact that when conducting a FNAPB RIRM, even single follicles, which do not mark histologists, can enter into the punctate. According to literature, tumor necrosis factor is one of the most important histologic markers of poorly differentiated PC and an independent predictor of survival of the patient, even when the histologic tumor architecture corresponds to a well-differentiated PC [14] . At the same time, we did not find a statistically significant difference in the frequency of occurrence in the histological material of such signs as NC and OC between the study groups of tumors. Accordingly, these factors cannot be considered as associated with the development of radioiodine resistance PC TG.
Since the cytological characteristics of the RIRM PC TG were not yet found, we conducted a comparative cytological study of RIRM, RISM and related PPC. It is shown that the RISM cytograms and their control groups have no distinct differences and are represented by homogeneous populations of thyroid cells without expressive signs of polymorphism and atypia. At the same time, RIRM differ in a heterogeneous population of thyroid cells, among which there are different types of cells, including enlarged thyroid cells with a clear cell surface. Different subpopulations of cells are found in punctates of RIRM 2 times more often, and OC is 1.6 times more frequent than in the PPC. The difference in the frequency of the occurrence of different subpopulations of thyroid cells in the punctates between the RIRM and their PPC and RISM is statistically proved. Attention is drawn to the special complexes of psammoma bodies and vacuolated cells that occur in 10% of RIRM and are not found in PPC and RISM. Similar to these complex structures in large numbers are presented in the histological material of the diffuse-sclerosing variant of PC, which, according to literature and our observations, is one of the most aggressive variants of PC TG. It is possible that such special structures may be candidates for the title of cytological prognostic factors of radioiodine resistance PC TG.
The presence in PC TG punctates of the RIRM of a greater diversity of cellular subpopulations and thyroid cells structures compared with the RISM group may be a manifestation of their greater genetic heterogeneity, which may be a "polygon" for the formation of new thyroid cells subclones, aggressive, may eventually lose its accumulation ability for radioiodine and cause the development of radioiodine resistance. These considerations do not contradict contemporary ideas about clonal cellular evolution and the existence of the phenomenon of intracellular cell heterogeneity, which can be the basis for the development of the resistance of various tumors to therapy [1, 4, 16, 18] .
To date, we have not found in available literature data on similar studies of the material of FNAPB of TG in this aspect.
In only a few studies in the histological material of the nodal goat, heterogeneity of the thyroid epithelium population was assessed on the basis of cell proliferative activity [22] . In addition, in studies conducted on the cultivation of some lines of anaplastic thyroid carcinoma, researchers have shown that there is a small cellular subpopulation that has some properties of stem cells [17] .
As a result of our research, we have received new representations about the cytological and histological characteristics of PC TG associated with their radioiodine resistance, which may be the basis for developing methods for monitoring the radioiodine resistance and developing personalized approaches to each thyroid cancer patient.
The obtained data on the cytological characteristics of RIRM (the presence of various subpopulations of thyrocytes, special cellular structures in comparison with RISM) may become the basis for the development of new methods for preoperative prediction of radioiodine resistance of PC TG. The obtained data on the histological characteristics of the PC, which correlate with their radioiodine resistance, will allow in the future to predict the behavior of the PC in advance.
Conclusions
1. The statistically probable difference in the presence of a histological sign -follicular structures between primary papillary carcinomas of patients with the development of radioiodine-resistant and radioiodine-sensitive metastases and the general population of papillary carcinomas has been proven, which allows us to consider the absence of follicular structures in the histological material of primary papillary carcinoma as an alarming prognostic factor for the appearance of radioiodine-resistant papillary metastases cancers of the thyroid gland. The lack of follicles is a pathomorphological, rather than cytological manifestation of radioiodine resistance.
2. The presence of necrotic and oxyphilic changes in the histological material of the primary thyroid papillary carcinoma cannot be considered as prognostic factors of radioiodineresistant.
3. Cytological studies of postoperative metastases were performed for the first time in comparison with primary papillary carcinomas of the thyroid gland, which demonstrated the presence of various subpopulations and structures of thyroid cells in radioiodine-resistant metastases, which were absent in radioiodine-sensitive metastases and primary papillary carcinomas. 
